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Abstract
The purpose of this study was to evaluate the influence of piperine on permeation of repaglinide (RGE) across rat epidermis. In addition, the role of chitosan (CTN) and its combination with piperine was investigated for exploring the possibility of further enhancing the permeation of RGE. The permeation of RGE across excised rat epidermis was, respectively, ~4-fold, ~5-fold and ~6fold higher when piperine (0.008% w/v), CTN (1% w/v), or piperine -CTN mixture was used as donor vehicle as compared to propylene glycol: ethanol (PG: EtOH) (7:3) mixture. The merger of T2 and T3 (lipid-specific) and obliteration of T4 (protein-specific) endothermic transitions in the thermograms of excised rat epidermis suggested overwhelming influence of these treatments on skin lipids and proteins. Further, the observed increase in intercellular space, disordering of lipid structure and corneocyte detachment indicated considerable effect on the ultrastructure of rat epidermis. The enhancement in permeation of RGE across rat epidermis excised after various treatments for different periods was correlated with the transepidermal water loss of similarly treated viable rat skin. The treatment of HaCaT cell line with piperine influenced the TJ plaque protein zonula occludens (ZO-1) as evidenced by reduced immunofluorescence of anti-TJP1 (ZO-1) antibody in confocal laser scanning microscopic studies. Treatment of HaCaT cells with CTN decreased the intensity of fluorescence on Introduction Repaglinide (RGE) is an antidiabetic drug. It has an extremely short half life of 1hr. In addition, the oral bioavailability of RGE is low (56-63%) due to extensive hepatic first pass effect [1] . These properties of RGE make it a suitable candidate for transdermal delivery. The need for transdermal delivery of RGE is further justified due to the requirement of maintaining unfluctuating plasma concentrations for effective management of blood sugar for long period in diabetic patients. However, the literature does not reveal any transdermal patch of RGE approved for human use. This may be due to the excellent impervious nature of skin, which is the major impediment in the successful transcutaneous passage of almost all drugs. Although, enormous work has been done for enhancing the transcutaneous permeation of drugs, the most convenient approach pertains to inclusion of chemicals that perturb the skin temporarily. Most of the synthetic chemicals used for this purpose do not allow the skin to return to normal condition for very long duration [2] and often get transported into the systemic circulation [3] . It is for these reasons that the quest for safe and effective percutaneous permeation enhancers continues. Herbal enhancers are comparatively safer and hence, possess great potential for use in transdermal formulation.
Piperine is a vanilloid obtained from plants belonging to the Piperaceae family. It is routinely consumed as a dietary spice by the people around the world and enjoys GRAS status by US FDA. Piperine is reported to enhance the bioavailability of various structurally and therapeutically diverse drugs like phenytoin [4] propranolol and theophylline [5] . This action was attributed to the alteration of lipid conformation and fluidization of intestinal membrane [6] . Further, piperine, like capsaicin, is reported to produce agonist activity at the human vanilloid receptor (TRPV1) yielding rapidly activating whole cell currents [7] . The activation of TRPV1 receptor is reported to enhance the intestinal absorption in human beings [8, 9] . The fact that these receptors are also expressed in the human skin [10] , makes it logical to evaluate the role of piperine in enhancing the percutaneous permeation of RGE.
The tight junctions (TJ) of Caco-2 cells are reported to be influenced by chitosan (CTN) due to structural reorganization of the TJ proteins zona occludin (ZO-1) and occludin [11, 12] . TJs are dynamic structures with multi-protein complexes consisting of trans-membrane proteins (claudins, occludin, junctional adhesion molecules) and TJ plaque proteins (ZO-1, ZO-2, ZO-3, cingulin, symplekin). TJs serve both as a fence between apical and basolateral membrane domains and as a selective permeability barrier in the paracellular space between adjacent epithelial and endothelial cells. TJ proteins (claudins, occludin and ZO-1) are also reported to be expressed in stratum granulosum in human epidermis [13] . Therefore, treatment of HaCaT cells or epidermis with CTN can be hypothesized to modulate the TJ-mediated permeation of molecules. In view of the effect of piperine on TRPV1 receptor and that of CTN on TJ proteins, a potentiation in percutaneous permeation of RGE could be expected by using their combination.
In the light of the above, the present investigation was designed to evaluate the feasibility of using piperine and /or CTN for enhancing the transdermal delivery of RGE. Further, their effect on the ultrastructural manifestations, thermotropic behavior and transepidermal water loss across rat skin was investigated. In addition, the effect on TJ protein (ZO-1) of HaCaT cell line was undertaken in an attempt to unveil their mechanism of percutaneous permeation enhancement.
Results and Discussion

I. Charaterization of piperine
The crystals of piperine obtained by recrystallization in alcoholic KOH (10%) solution were compressed into pellet with KBr and subjected to IR analysis. The characteristic peaks obtained in the IR spectra are summarized in Table 1 . The IR spectrum was similar to that reported by Ikan [14] . Further, HPTLC analysis using toluene:diethylacetate (7:3) as mobile phase gave a single band at 340 nm with Rf value of 0.33. The amount of piperine was calculated to be 6.172 % w/w.
Tab. 1. IR analysis of piperine in piper nigrum
Wave number (cm -1 ) Assignment 3008. 
II. In vitro permeation of RGE across rat epidermis
The amount of RGE permeated in the receptor fluid was analyzed at 243 nm spectrophotometrically (Beckman, USA, DU 640B). The receptor fluid contained sodium azide (0.05% w/v) for preventing the epidermal sheet from microbial attack [15] and polyethylene glycol (PEG) 400 (10% v/v) as solubilizing agent for maintaining sink condition in the receptor compartment. The UV spectra of sodium azide or PEG 400 (without RGE) were obtained for confirming that they did not interfere with the estimation of RGE. It was found that sodium azide or PEG 400 yielded absorbance peaks, respectively, in the range of 200-220 nm and 200-230 nm. These absorbance peaks were observed to reduce significantly in the presence of low concentrations of RGE and were totally absent in the presence of moderate concentrations of RGE. Therefore, the standard plot of RGE was prepared in presence of sodium azide (0.05% w/v) and PEG 400 (10% v/v). The standard plot was linear from 5-80 μg/ml and yielded the equation Y = 0.0162x + 0.035 with r 2 value of 0.9996.
Piperine (0.008% w/v) enhanced the permeation of RGE across excised rat epidermis ~ 4fold as compared to the donor vehicle (PG: EtOH, 7:3). However, increasing the concentration of piperine to 0.01% w/v did not further enhance the permeation of RGE. This observation is in consonance with the findings of Suresh [16] who reported decreased transportation of piperine across everted rat intestine in the presence of greater than 0.008% w/v concentration of piperine and ascribed it to the reduction in solubility of piperine in Krebs-Ringer phosphate buffer. Piperine is reported to posses the ability to modulate membrane dynamics due to its lipid solubility that is known to allow its interaction with lipids and hydrophobic domains in the vicinity of epidermal proteins. These effects are reported to decrease the tendency of membrane lipids to act as stearic constrains. The ability of piperine to modulate the permeability characteristics of intestine by inducing alterations in membrane dynamics, brush border fluidity is reported [6] . Although, these reasons cannot be directly held responsible for the observed permeation enhancement in skin, they do indicate the capability of piperine to perturb the microenvironment of epidermis. This was evident from the alterations observed in the ultrastructural features ( Fig. 1 ) as well as merger of lipid specific endotherms (Fig. 2 ). These observations are discussed in the subsequent sections.
The use of CTN (1% w/v) was observed to enhance the permeation of RGE across excised rat epidermis by ~5-fold as compared to the control (acetate buffer, pH 6.0). CTN is known to possess high cationic charge due to which it has been reported to disturb the integrity of skin lipids and open the tight junctions responsible for maintainance of barrier status of the skin [17] . The enhanced in vitro permeation of RGE in the presence of CTN could be ascribed to the perturbation of epidermal microconstituents. The perturbation by CTN was observed to produce pores in the epidermal sheets ( Fig. 1 ). The epidermal lipids ( Fig. 2 ) too were adversely affected as evidenced in the thermograms.
It was anticipated that the combination of piperine and CTN would potentiate the permeation of RGE because the reports of the former suggested its influence on TRPV1 receptors [7] while the later was reported to affect the tight junctions [18, 19] . However, the combination of piperine (0.008% w/v) and CTN (1% w/v) only marginally enhanced the permeation of RGE by ~1.18-fold or ~1.6-fold as compared to, respectively, CTN or piperine alone ( Table 2 ). These results indicated that combining piperine with CTN did not potentiate the permeation of RGE as compared to CTN. The slightly higher enhancement in the permeation of RGE (~1.6-fold) in the presence of piperine-CTN mixture suggested its better performance as compared to that of piperine alone. It is worthy to note that the piperine-CTN mixture was significantly more effective than piperine (p < 0.05) across viable rat skin as compared to excised skin in enhancing the transcutaneous delivery of RPG. The reasons for the observed better rate and extent of RGE permeation across viable skin are discussed later in the section on pharmacokinetic evaluation of the transdermal patches. The better performance of the combination in viable skin could possibly be due to the action of piperine on TRPV1 receptors that shall not be active in excised skin. Furthermore, the inherently higher permeation of lipophilic drugs across viable skin [20] could have also contributed to the better performance of piperine-CTN combination in enhancing the permeation of RGE across viable skin. Nevertheless, both piperine and CTN can be suggested to influence the lipids and ultrastructure of rat epidermis.
Tab. 2.
In vitro permeation of RGE from different formulations across excised rat epidermis. 
Treatment
III. Electron microscopic studies
Scanning electron microscopic (SEM) studies revealed loosening of stratum corneum (SC) surface layers by piperine ( Fig. 1B ) and creation of pores by CTN ( Fig. 1D ). Piperine-CTN mixture resulted in formation of largest pores coupled with loosening of SC surface (Fig.1C ). The effect was of apparently less intensity when these formulations were applied to viable skin (Fig. 1E ). The transmission electron microscopic (TEM) studies also revealed disordering of lipid areas and increase in intercellular space along with corneocyte detachment after treatment of excised skin containing piperine ( Fig 1G) , CTN ( Fig. 1I ) or mixture containing piperine-CTN mixture (Fig. 1H ). These effects were apparently less severe when the treatments were given to viable skin (Fig. 1J ). The less severe influence of these treatments on ultrastructural features of viable skin could be ascribed to the continuous attempt of the skin to restore its barrier status to normal level. Fig. 2 . depicts the DSC thermograms of rat epidermis after various treatments. The normal (untreated) epidermis ( Fig. 2A ) exhibited three endothermic transitions each at 70°C (T2), 80°C (T3), and 97°C (T4). Treatment with PG: EtOH (7:3) mixture obliterated the T4 endotherm while the T2 and T3 endotherms specific for lipids were not significantly effected (Fig. 2B ). The absence of T4 endotherm (indicative of protein component of skin) [21] after treatment with PG:EtOH (7:3) solution containing piperine suggested the influence of piperine on epidermal protein component (Figs. 2C-E). In addition, decrease in the enthalpy accompanied with slight shifting of Tm to higher temperature of T2 transition was observed after treatment of excised epidermis with any dose of piperine ( Table 3 ). The broad nature of endotherm and shifting of Tm towards higher temperature could be attributed to the merger of T2 and T3 transitions. This suggested the effect of piperine on epidermal lipids as well. CTN treatment of excised rat epidermis was also observed to result in merger of T2 and T3 endotherms ( Fig. 2F) . Similarly, treatment with piperine-CTN mixture resulted in merger of T2 and T3 endotherms as well as obliteration of T4 endotherm. Therefore, the observed findings of merger of T2 and T3 endotherms coupled with obliteration of T4 endotherm after treatment with piperine, CTN or piperine-CTN mixture suggested their influence on both epidermal lipids and proteins of excised rat epidermis.
IV. Thermotropic attributes of rat epidermis after treatment
Fig. 2.
DSC thermograms of normal rat epidermis (A); and after treatment with PG:
Tab. 3.
Thermotropic parameters of excised rat epidermis after various treatments 
V. Solubility and partition coefficient of RGE
The aqueous solubility of RGE in PB was observed to increase 70-fold in the presence of 0.008% w/v piperine (Table 4 ). However, further increase in the solubility of RGE was not observed when piperine was used in concentrations greater than 0.008% w/v. This seems to be due to reduction in the solubility of piperine at concentrations greater than 0.008% w/v. The observations of McNamara [7] who reported difficulty in examining the effect of concentrations of piperine greater than 0.008% w/v on human vanilloid receptors due to its reduced solubility in the extracellular fluid supports this view point. The observed maximum absorption of piperine when present in the concentration range of 0.002% to 0.01% w/v further proves this contention [16] .
It is important to note that although, the K IPM/PB of RGE decreased in presence of piperine due to increase in its aqueous solubility, the in vitro permeation of RGE was ~ 4-fold higher than the control as shown in Table 2 . RGE is a lipophilic molecule. The increase in its aqueous solubility in the presence of piperine (0.008% w/v) can be postulated to have contributed to its enhanced passage through the paracellular route, which is reported to be influenced by piperine. The enhancement in permeation of lipophilic molecules tiludronate by sodium lauryl sulphate and cosalane by sodium desoxycholate and HP-betacyclodextrin due to opening of paracellular pathway in the human Caco-2 cell line [22, 23] supports this contention. Therefore, RGE permeation could not be suggested to be a simple manifestation of its solubility modulation by piperine. The high cationic charge possessed by CTN [18] and its ability to interact with skin lipids [24] as well as the reported interaction of piperine with TRPV1 receptor [7] made it logical to investigate their influence on ZO-1 (TJ protein) of HaCaT cells and ultrastructural features of rat skin for gaining an insight into exact mechanisms operative in permeation enhancement of RGE. 
VI. Confocal laser Scanning microscopy
TJs are characterized as the fusion of contiguous cell membranes located in the apical side. There are many molecular components of the TJ, such as occludin, claudins, JAM, ZO, and actin. Among these components, the ZO is known to play a major role in controlling the paracellular permeability. Interfering with the junctional complex allows the cells to separate and thus pull apart the TJ to open the barrier [25] . Therefore, ZO staining was performed to visualize the effect of piperine on the TJ of HaCaT cells. In addition, the distribution of TJ-associated protein ZO-1 in the HaCaT cells was examined because the increase in epithelial TJ permeability is reported to be associated with changes in the distribution of TJ proteins. Staining of the HaCaT cells with propidium iodide (PI) without treatment with antibodies resulted in red color staining of the nucleus (Fig. 3A) . Treatment with primary anti-TJP1 (ZO-1) antibody labeled with FITC-conjugated anti rabbit IgG was observed to exhibit continuous staining specifically of cell borders indicating the presence of ZO-1 protein in TJs of HaCaT cells (Fig. 3B ). Figure 3C shows the effect of 0.002 % w/v piperine on HaCaT cells. A decrease in the intensity of immunofluorescence as compared to the untreated cells is evident. Increasing the concentration of piperine to 0.004 % w/v was found to further decrease the immunofluorescence of HaCaT cells (Fig. 3D) . The cells were observed to become elongated and diffused immunofluorescence was observed when HaCaT cells were treated with 0.008 % w/v piperine ( Fig. 3E) . At higher concentration of 0.016 % w/v, piperine was observed to produce separation of cells. The immuofluorescence was markedly diffused along the cell borders with no demarcation of cell boundaries (Fig. 3F ), indicating considerable damage to the cell organization. The absence of fluorescence at many places along the cell boundaries indicated considerable disorganization of ZO-1 TJ proteins of HaCaT cells by the combination of piperine-CTN mixture (Fig. 3H) . Overall, these studies indicated most severe effect of piperine-CTN mixture (Fig. 3H ) followed by 0.008 % w/v piperine ( Fig. 3E ) and 1% w/v CTN (Fig. 3G) . Therefore, the findings of CLSM studies strongly implicated the ZO-1 TJ protein in influencing the permeation of RGE by piperine, CTN or their combination.
VII. Transepidermal water loss (TEWL) studies
An increase in TEWL is known to accompany skin perturbation by oleic acid, propylene glycol [26] , diethylene glycol monoethyl ether [27] and chitosan polyelectrolyte complexes [28] . The TEWL of viable rat skin portions was observed to increase till 36 hr of treatment with piperine (0.008% w/v) or piperine (0.008% w/v)-CTN (1% w/v) mixture and till 12 hr of treatment with CTN (1% w/v). The in vitro permeation of RGE across epidermal sheets excised after these treatments also followed the same trend as TEWL (Fig. 4 ). The rise in TEWL was very slow after treatment with CTN (1% w/v) and the maximum value observed was significantly (p < 0.05) lower as compared to that obtained after treatment with piperine-CTN mixture. Further, the TEWL was observed to decrease continuously after 36 hr of treatment with piperine or piperine-CTN mixture or after 12 hr of treatment with CTN. It is evident from Fig. 4 that the TEWL of skin treated with CTN returned to normal with in 48 hr. Although, the TEWL of skin treated with piperine or piperine-CTN mixture did not return to the basal level with in 36 hr, a sharp decrease after 36 hr was clearly evident. The weaning off of the effect after 48 hr of treatment could be attributed to the recovery of barrier status of skin as a natural response phenomenon in a bid to restore its original condition. The perturbation of skin is reported to induce enhanced synthesis of triglycerides, cholesterol and ceramides [29] . This results in restoration of the barrier status of skin over a period of time. The results of these studies strongly indicated a correlation between perturbation of skin with the enhanced permeation of RGE across rat skin. 
VIII. Draize Test
The results of draize test did not suggest any irritation potential of piperine on rabbit skin. Fig.5 shows the plasma profile of RGE after oral and transdermal administration to rats. The maximum drug concentration (C max ) after administration of tablets containing 0.5 mg of RGE was 17.96 ng/ml while the time taken to produce this concentration (T max ) was 1 hr. Transdermal patch containing piperine (patch A) produced 1.7-fold higher C max (29.76 ng/ml) of RGE as compared to its oral administration. The C max of RGE was further increased to 2.3-fold (40.84 ng/ml) after application of transdermal patch containing piperine-CTN mixture (patch B). The minimum effective concentration reported for human beings after an oral dose of 2 mg of RGE is 27.74ng/ml [30] . It is important to note that this concentration was not achieved after oral administration of RGE tablets to rats in the present investigation. This could be due to the administration of lower oral dose of 0.5 mg (1µg / g body weight) of RGE [31] to rats. The rate of systemic delivery of RGE across rat skin from transdermal patch containing piperine or piperine-CTN mixture was almost comparable till 6 hr. However, after 6 hr, the plasma RGE concentration rose at a faster rate in rats receiving application of patches containing piperine-CTN mixture as compared to those receiving piperine as enhancer. Although, the T max in rat plasma was same (36 hr), the C max was significantly higher (p < 0.05) in the former case as compared to the later. In addition, the plasma RGE concentration was maintained significantly higher (p < 0.05) till the end of the study after application of transdermal patches containing piperine-CTN mixture as compared to piperine as enhancer. The bioavailability of RGE in rats as judged by the area under the curve was increased to, respectively, 8-fold and 9.5-fold, after application of transdermal patch containing piperine or piperine-CTN mixture in comparison to oral administration of tablets.
IX. Pharmacokinetic evaluation of transdermal patches of RGE
Fig. 5.
Pharmacokinetic profile of RGE after oral administration of tablets (0.5 mg) and transdermal formulations.
Conclusions
It seems pertinent to compare the influence of piperine and piperine-CTN mixture on in vitro permeation, ultrastructural alterations and in vitro transcutaneous delivery of RGE in order to summarize the findings. It was evident from the SEM / TEM studies that piperine-CTN mixture was more effective than piperine in altering the ultrastructural features of rat epidermis and this was manifested in the TEWL. The immunofluorescence of HaCaT cells treated with piperine-CTN mixture also indicated greater effect on ZO-1 protein as compared to treatment with piperine alone. However, the magnitude of the effect of piperine-CTN mixture observed in these studies was not reflected in the in vitro permeation enhancement of RGE across excised rat epidermis. The in vitro permeation of RGE using piperine-CTN mixture as enhancer was only 1.6-fold as compared to that in presence of piperine. Similarly, transdermal patches containing piperine-CTN mixture were found to perform marginally (~9.5-fold increase) better than piperine containing patches (~8-fold increase) as compared to oral administration in enhancing the bioavailability of RGE in rats. However, the piperine-CTN mixture containing patch was observed to maintain the concentration of RGE significantly higher (p < 0.05) than that produced by piperine till the end of the study. Hence, it can be inferred that the permeation enhancing effect of piperine was sustained for longer duration but only marginally intensified by CTN. Overall, these findings suggested perturbation of skin lipids and proteins by piperine as well as piperine-CTN mixture to be responsible for enhancing the percutaneous permeation of RGE in rats. However, further investigations using hydrophilic drugs are advocated before suggesting their use as an effective permeation enhancer system in transdermal formulations.
Experimental
Materials RGE was obtained from Torrent Pharmaceuticals, Ahmadabad, India as gift sample. CTN (85% deacetylation) was a gift sample from Indian Fisheries Institute, Coachin, India. Skin for the in vitro permeation and thermotropic investigations was obtained from Wistar rats (190-210g) of either sex. Skin irritation test was performed on male rabbits (1.2-2.5 Kg).
All chemicals used in this study were of AR grade.
II. Methods
Extraction of Piperine
Piperine was extracted from the powdered dried fruits of Piper nigrum using the methodology described by Ikan [14] . Purification was done by recrystallization in alcoholic KOH (10%) solution. IR spectroscopy and HPTLC analysis were done for characterizing the purified sample of piperine.
III. Permeation experiments (A) Preparation of epidermal skin
Freshly obtained epidermal skin was used in all experiments. Hairs on dorsal skin of rat were removed with mechanical clipper followed by shaving with electric razor. The whole skin was soaked in water at 60°C for 45 sec, followed by careful removal of dermis by gentle scrapping to obtain epidermal sheet [32] .
(B) In vitro permeation of RGE:
Across excised rat epidermis in the presence of different donor formulations:
Freshly obtained epidermal sheets were mounted between the donor and receptor compartments of vertical Franz glass diffusion cells. The epidermal sheet was equilibrated for 4 hr using phosphate buffer pH 7.4 (PB) in receptor compartment. The equilibration was judged to be completed when the fluid contained in receptor compartment (phosphate buffer pH 7.4) did not exhibit any absorbance at 243 nm on being analyzed spectrophotometrically. The receptor compartment was filled with fresh PB (pH 7.4) containing sodium azide (0.05% w/v) as preservative and polyethylene glycol 400 (PEG) (10% v/v) as solubilizing agent. The donor compartment was loaded with dispersion of RGE (2 mg) in PG: EtOH (7:3) mixture, dispersion of RGE (2 mg) and piperine (0.002-0.01%w/v) in PG: ETOH (7:3) mixture or dispersion of RGE (2 mg) in CTN solution (0.5-2% w/v) prepared in acetate buffer pH 6.0. Similarly, permeation studies using best concentration of piperine (0.008% w/v) and chitosan (1% w/v) were carried out. The donor compartment was sealed using a parafilm. Samples from the receptor fluid were withdrawn at different time intervals through 48 hr and immediately analyzed spectrophotometrically at 243 nm (Beckman, USA, DU 640B). A standard plot of RGE solution prepared in PB containing sodium azide (0.05% w/v) and PEG 400 (10% v/v) was obtained at 243 nm.
Across rat epidermis excised after treatment of viable skin with different formulations:
Two patches (7cm 2 ) were prepared on dorsal side of Wistar rats by shaving with mechanical clipper. The patches received treatment with selected dose of piperine (0.008%w/v), CTN (1%w/v) or piperine-CTN mixture for different studies. Experiments were carried out in triplicate. Surface area exposed to treatment was kept constant. The animals were sacrificed after 4 hr, 8hr, 12 hr, 24 hr, 36 hr or 48 hr. The treated skin patches were excised, epidermis separated and used for studying the in vitro permeation of RGE.
The slope of the terminal steady state segment (flux) of the graph plotted between the cumulative amount of RGE permeated Vs. time was determined for each treatment. The enhancement ratio (ER) for permeation of RGE was calculated by dividing the flux obtained in the presence of enhancer with its respective control. 
IV. Microscopic studies
Scanning electron microscopy (SEM)
The method used for the investigations were similar to those reported earlier [33] . Photographs were taken under scanning electron microscope (LEO 435VP).
V. Differential Scanning Calorimetric (DSC) Analysis
The skin was excised, adhering fat and visceral debris removed and washed with physiological saline solution. Epidermis was separated and treated with piperine solution (0.008% w/v), CTN (1% w/v) or piperine-CTN mixture for 48 hr. After washing, it was dried to get constant weight and then stored in a chamber containing a saturated solution of sodium chloride (75% RH at 25°C) for 3-4 days prior to DSC [34] . DSC analysis was performed using heating rate of 1°C/min over ambient to 120°C. All DSC curves were evaluated especially with regard to the phase-transition enthalpies (peak areas) and maximum temperatures (Tm) of lipid phase transitions. The percentage reduction in enthalpy (H) of endothermic transitions (j/g) was evaluated by using the formula:
All the experiments were carried out in triplicate.
VI. Solubility Partition coefficient of RGE
The solubility of RGE was determined in PB or PB containing sodium azide (0.05% w/v) and PEG 400 (10% v/v) containing different concentrations of piperine (0.004, 0.008, or 0.01% w/v). Excess RGE was added and stirred at 37± 2°C in shaker incubator for 24 hr. The solutions were filtered through G-4 filter and the filtrates were immediately analyzed for RGE at 243 nm using spectrophotometer. For partition coefficient studies RGE (40mg) was added in 5.0 ml of a mixture of isopropyl myristate (IPM) and PB (1:5). Stirring was done at 37± 2°C in shaker incubator for 24 hr. The concentration of RGE in phosphate buffer was determined spectrophotometrically at 243 nm. The ratio of amount of RGE in IPM was calculated by difference.
VII. Cells, media and culture conditions
Human normal skin keratinocyte cell line (HaCaT), provided by Dr. Sudhir Krishna (National Centre for Biological Sciences, Bangalore, India) was maintained in Dulbecco modified eagle medium (DMEM) with 10% fetal bovine serum (FBS), 100 units/ml penicillin and 100 µg/ml streptomycin (Invitrogen life sciences, USA). The FBS for culturing HaCaT cells was heat inactivated for 30 mins at 55°C. HaCaT cells were cultivated according to the method described by Brandner [35] . The cells were maintained at 37°C in a humified atmosphere with 5% CO 2 . Second or third passage HaCaT cells were plated on coverslips in a 12 well plate at a density of about 5,000 cells/ cm 2 . After overnight incubation at 37°C in a humified 5% CO 2 incubator, cells were supplemented with fresh DMEM medium containing 10% FBS. The cells were incubated untill they were approximately 50-60% confluent. Cells were made serum free 16-24 hrs prior fixation and treated with solutions containing different concentrations of piperine for 6 hrs. Piperine extract 2% w/v was prepared in PG: EtOH (7:3) solution and the solution was sterilized by filtering (Sartolab. vl15, pore size 0.2 lam), followed by serial dilution in DMEM to obtain solutions of 0.002, 0.004, 0.008 and 0.016 µg/ml of piperine. The 100% confluent cells in 12 well plate were treated with solutions containing concentrations of piperine. A control without addition of different extracts was also prepared. The cells were cultured under the conditions described above for 6 hr. The growth of cells was monitored on an inverted-phase Nikon TMS light microscope. All experiments were repeated three times.
Immunoflourescence
Fixation was performed by immersing the cells into freshly prepared 4% paraformaldehyde for 10 minutes. Immediately after fixation, cells were permeabilized with 0.1% TritonX-100 (sigma) for 5 minutes. Cells were then rinsed with phosphate buffer saline (PBS) for 3 minutes and blocked in 10% FBS in PBS for 1hr. This was followed by incubation with primary anti-TJP1 (ZO-1) antibody (1:100 dilution) for 2hr at room temperature (or overnight at 4°C). After three rinses in PBS for 10 minutes each, coverslips were incubated with FITC-conjugated anti rabbit IgG at 10ug/ml in PBS containing 2% FBS for 2h. Slides were then rinsed three times in PBS and coverslips were mounted in antifade mounting medium (Vector laboratories). Nucleus was stained using propidium iodide (5 µg / ml). Control for antibody specificity was prepared by omitting the primary antibody. The control demonstrated minimal or no staining. For microscopic examination, a Zeiss Axioplan fluorescence microscope (Zeiss) equipped with a confocal scanning unit MRC-600 (Biorad) and an argon-Krypton laser were used.
VIII. TEWL determination
Wistar rats (approximately 250 g) were anesthetized. The hair of the dorsal skin was shaved with electric clippers. Two patches (7 cm 2 ), one on either side of spinal cord, were prepared by shaving with mechanical clipper and left undisturbed for 24 hr. The patch received treatment with selected dose of piperine (0.008% w/v), CTN (1% w/v) or piperine (0.008% w/v)-CTN (1% w/v) mixture for different studies. The laboratory temperature and humidity were maintained at, respectively, 24°C and 50-55% RH. The control and treatment sites were marked as circular area (~7 cm 2 ) with a felt tip marker on the dorsal surface of the rat. Surface area exposed to treatment was kept constant. TEWL was recorded on each site after (4 hr, 8hr, 12 hr, 24 hr, 36 hr or 48 hr) after removal of the patch by using Tewameter TM 210 (Courage + Khazaka Electronic GmbH, Koln, Germany). Data was stored and analyzed by the TEWAMETERÒ computer software. Each experiment was replicated on three skin patches prepared on different rats.
IX. Draize Test
The study employed albino rabbits (1.2-2.5 kg) of either sex (n=5) for testing skin irritation.
The procedure adopted for this study was in accordance to that described earlier [36] . The area on the back of each rabbit was shaved so as to accommodate two patches each of two square inch area. Patch made from two layers of light gauze was dipped in 2ml piperine (0.008%w/v) solution prepared in PG: EtOH (7:3). The animals were immobilized in the special holder during the 24-hour patch exposure. Upon removal of the patches the animals were observed for any sign of erythema or oedema for a period of 72 hours and scored as reported by Mullerdecker [37] . The observations were repeated after 72 hours.
X. Evaluation of pharmacokinetic parameters of RGE in animals
Wistar rats of either sex (230-250g) were used for the bioavailability studies. The animals were selected after superficial examination of the skin surface for abnormalities. The Wistar rats were housed under controlled environmental conditions (temperature, 23± 1°C; humidity, 55 ± 5%) and fed with a commercial diet with free access to water. About 10 cm 2 of skin was shaved on the dorsal side. Rats were observed for 24 hours for any untoward effect of shaving. The rats were divided into 3 groups (n = 6). Group I received oral administration of RGE (0.5mg) after overnight fasting. Group II received application of transdermal patch containing RGE and piperine dispersed in donor vehicle (PG: EtOH) 7:3. Group III received application of transdermal patch containing RGE and piperine (0.008 % w/v)-CTN (1% w/v) mixture dispersed in donor vehicle. Blood sample (0.3 ml) via the post-orbital venous plexus veins was collected in heparinized tubes at 1, 2, 4, 6, 8, 12, 24, 28, 36, 42 and 48 hr. The protocol for the study was approved by Animal Ethics Committee of the Department of Pharmaceutical Sciences and Drug Research Punjabi University, Patiala. The blood samples were transferred to a heparinized eppendoff tube, mixed gently, and then centrifuged (4000 rpm, 5 min) to obtain 200µl plasma, which was kept at −20°C until analysis. The concentration of RGE in the plasma was determined by HPLC analysis. The plasma samples (1 ml) were extracted using extraction buffer (0.1 mol/l potassium dihydrogen orthophosphate (KH2PO4, pH 5.9) 1 ml, ethylacetate 5 ml and isoamylalcohol 50µl. The pH was adjusted to 7.4 with NaOH 2M. The tubes were shaken on a rotater for 10 min. This was followed by centrifugation at 3000 rpm for 30 min. After centrifugation, the ethylacetate phase was transferred into vials and evaporated to dryness under a stream of nitrogen at 45°C. The dried extract was reconstituted with 70 µl of mobile phase, vortex-mixed and transferred to a clean autosampler vial. This solution was injected into the HPLC system [38] for analyzing RGE.
